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ABSTRACT
We present the first results of an [O iii] 5007 A˚ interference filter survey for Planetary
Nebulae (PNe) in the Galactic bulge. Covering (at first) the 66 per cent of the survey
area, we detected a total of 90 objects, including 25 new PNe, 57 known PNe and 8
known PNe candidates. Deep Hα+[N ii] CCD images have been obtained as well as
low resolution spectra for the newly discovered PNe. Their spectral signature suggests
that the detected emission originates from a photoionized nebula. In addition, absolute
line fluxes have been measured and the electron densities are given. Accurate optical
positions and optical diameters were also determined.
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1 INTRODUCTION
The Galactic Planetary Nebulae are of great interest because
of their important role to the chemical enrichment history
of the interstellar medium as well as in the star formation
history and evolution of our Galaxy (Beaulieu et al. 2000
and references therein). The study of PNe offers the oppor-
tunity to determine basic physical parameters (like morphol-
ogy, kinematics, abundances, distances, masses etc.), which
will help to test theoretical models and understand more
about the bulge dynamics (see sect. 2). The distance deter-
minations of PNe in the Galactic bulge suggest distances at
∼8 kpc (7.8 kpc; Feast 1987, 8.3 ± 2.6 kpc; Schneider &
Buckley 1996). The Galactic bulge extends over a region of
galactic longitude l ≃ ±15o and galactic latitude b ≃ ±10o
(dimensions ∼2 kpc toward and ∼1.5 kpc perpendicular the
Galactic plane, respectively - Weiland et al. 1993). In to-
tal, the bulge contains about 1011 stars of Population II
as well as gas (∼ 106M⊙) and dust (mass ∼100 times less
than the mass of the gas - Morison & Harding 1993). It
is generally accepted that a large number of PNe exists in
the Galactic bulge, but because of the excessive interstel-
lar extinction, only a small number of them (less than 500)
have been discovered (Ko¨ppen & Vergely 1998; Parker et
al. 2001b). According to Acker et al. (1992a) and Zijlstra &
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Pottasch (1991), the total number of PNe in the Galaxy is
estimated between 15,000 to 30,000. Approximately, 3,400
PNe have been discovered up to date, meaning that only a
small number of all PNe have been detected. In particular,
Acker et al. (1992b, 1996) report 2204 objects which have
been classified as true, probable and possible PNe. Most
of them were found through surveys in different wavebands
(optical, radio, infrared - Moreno et al. 1988; Pottasch et
al. 1988; Ratag 1990; van de Steene 1995, etc.). Kohoutek
(2001) presented 169 additional new PNe which were discov-
ered through different surveys between the years 1995-1999,
while Cappellaro et al. (2001) published a catalogue of 16
new PNe discovered towards the galactic center. In a very
recent catalogue, Parker et al. (2001b) presented more than
900 new and candidate PNe which were discovered during
the AAO/UKST Hα survey of PNe in the Galactic plane.
Note that not all surveys utilized narrow band imagery to
identify candidate PNe (e.g. Lauberts 1982).
The task of determining the wavelength band suitable
for a search of new PNe in the bulges is under debate.
The interstellar extinction being higher in the direction
of the bulge, reduces the effectiveness of the optical sur-
veys. For this reason, radio continuum and far-infrared sur-
veys were made in regions with high extinction, resulting to
new PNe discoveries. On the other hand, as Beaulieu, Do-
pita & Freeman (1999) noted long waveband surveys work
well only with dusty (young) PNe while the low-density
(old) PNe are undetectable by IRAS. Furthermore, it is
well known that most PNe emit strongly in the Hα and
[O iii] 5007 A˚ lines, and that the latter is affected more
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by interstellar extinction than Hα. Moreover, [O iii] bright
PNe display Hα/[O iii] 5007 A˚ < 1 and mainly the low-
density PNe. Recent high resolution spectrophotometric ob-
servations (Cuisinier et al. 2000; Escudero & Costa 2001)
determined the abundances of known PNe in the Galactic
bulge. Using these results, a comparison between the Hα and
[O iii] line intensities shows that 40 per cent of them display
Hα/[O iii] 5007 A˚< 1.
The right combination of the telescope size and the
CCD camera, depending on the distance to search, can pro-
vide a useful tool for the detection of new PNe (Ciardullo
et al. 1989; Jacoby et al. 1990; Feldmeier, Ciardullo & Ja-
coby 1997 and references therein). Therefore, we decided to
performed survey observations of the Galactic bulge using
the 0.3 m telescope of a wide field of view (combined with a
highly efficient CCD camera) and a narrow [O iii] 5007 A˚ fil-
ter. The [O iii] 5007 A˚ filter (like any other emission line
filter) may not be the best choice for the detection of new
PNe but note that a significant number of PNe are charac-
terized by strong [O iii] 5007 A˚ emission relative to Hα. We
must note that a PN discovery has already been done in the
past using this configuration (Xilouris et al. 1994).
Informations concerning the importance of PNe in the
bulge are given is sect. 2, the [O iii] survey (observations
and analysis) are given in sect. 3, while in sect. 4 we present
follow-up observations (CCD imaging and spectroscopy) of
the newly discovered PNe. In addition, flux measurements,
diameter determination, accurate positions and other phys-
ical properties for the new PNe are given is sect. 5. We must
note that this paper is the first of a sequence, where we will
present in detail imaging and spectrophotometric results for
all the new PNe discovered in our survey, as well as fitted
models to describe their physical parameters. In particular,
images and spectra for the new PNe found in the remaining
fields will be presented, while flux calibrated images for most
of the new PNe will be used in PNe models (e.g. van Hoof
& van de Steene 1999) in order to determine their physical
parameters (like abundances, distances etc).
2 PLANETARY NEBULAE AS TRACERS OF
THE GALACTIC BULGE
Many tracers have been used in the past to study the Galac-
tic bulge. In particular, the OH/IR stars (e.g. Sevenster
1999), the M giant stars (e.g. Minniti et al. 1996a; Minniti
1996b), the Miras and other LPVs (Whitelock 1994), the
carbon stars (Whitelock 1993), the K giants stars (e.g. Min-
niti et al. 1995; Minniti 1996b), the RR Lyrae stars (Walker
& Terndrup 1991) and the PNe (Kinman, Feast & Lasker
1988; Durand, Acker & Zilstra 1998; Beaulieu et al. 2000).
The first three (OH/IR, Miras and M giant stars) are biased
toward the metal–rich population. The carbon stars are also
an indication of metal–rich population but they are not very
numerous in the Galaxy. The K giant stars have been used a
lot as tracers since they can be found at all metallicities but
they are biased because of their faintness. The RR Lyrae
stars represent the metal–poor tail of the bulge metallicity
distribution and they are also faint.
On the other hand, PNe are not biased toward the
metal–rich population (Hui et al. 1993). They originate from
intermediate and low initial mass stars and therefore consti-
tute a relatively old population. The He and N abundances
are modified along the stellar evolution of the progenitor
and can be related to their masses and age. Their optical
spectrum is dominated by strong emission lines (like Hα
and [O iii]) allowing accurate velocity measurements. Up to
now, their distances are not well defined since it is difficult
to determine their absolute diameter which is necessary for
distance calculation (e.g. Schneider & Buckley 1996). How-
ever, Gathier et al. (1983) estimated that a large number of
PNe with small diameters (≤ 20′′) belong to the Galactic
bulge according their angular diameter, spatial distribution
and radial velocities measurements. Taking into account all
the parameters discussed in this section, the Galactic bulge
PNe appear as a very important tool in order to study the
dynamics and kinematics of the Galactic bulge.
3 THE [O iii] 5007 A˚ SURVEY
3.1 Observations
The observations reported here were made with the 0.3 m
Schmidt-Cassegrain (f/3.2) telescope at Skinakas Observa-
tory in Crete, Greece. An [O iii] 5007 A˚ interference filter
with an 28A˚ bandwidth was used in combination with a
Thomson CCD (1024×1024, 19×19 µm2 pixels). This con-
figuration results in a scale of 4′′.12 pixel−1 and a field of
view of 71′ × 71′on the sky. In our survey we observed the
regions 10o < l < 20o, −10o < b < −3o and 0o < l < 20o,
3o < b < 10o (named Field A and Field B, respectively in
Fig. 1). The reasons to do this was (a) the site of the Obser-
vatory which allows us to observe down to −25o declination
and (b) the [O iii] 5007 A˚ emission line which is heavily
absorbed between −3o < b < 3o. In our survey, we tend to
discover planetary nebulae which (1) characterized by strong
[O iii] 5007 A˚ emission, (2) are slightly extended because of
our spatial resolution (3) are point–like with signal to noise
greater than 4 (4) do not have declination below -25o and
(5) are observed only during dark time periods to avoid the
moonlight scattering effect to the [O iii] 5007 A˚ line. We
must note that the area of the Galactic Bulge was also cov-
ered by the AAO/UKST Hα survey (Parker et al. 2001a
– in fact they have covered the total area of the southern
Galactic plane). In Fig. 1 the filled rectangles represent the
observed fields. We covered at first a region of 66 per cent of
the proposed grid (116 fields out of 179) because of the avail-
ability of the telescope with respect to the time needed to
complete the survey. . The observational details are given in
Table 1. During the 2001 observing season we observed the
remaining 62 fields (Boumis et al. 2003 - Paper II). All the
objects were observed between airmass 1.4 to 2.0 in similar
observing and seeing conditions.
Two exposures in [O iii] 5007 A˚ of 1200 s and three
exposures in the continuum of 180 s were taken to make
sure that any cosmic ray hits will be identified and removed
successfully (see section 3.2 for the image processing de-
tails). Two different continuum filters were used, dependent
on their availability. Details about the filters are given in
Table 2.
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Table 2. Filters used for the Imaging Survey
Filter Central wavelength FWHM Type Manufacturer
(A˚) (A˚)
[O iii] 5007 A˚ 5005 28 Interference Spectrofilm
Continuum 5470 230 Stro¨mgren–y Custom Scientific
Continuum 6096 134 Interference Spectrofilm
Table 1. Observational details for the [O iii] 5007 A˚ Imaging
Survey
Date Number of Number of
observing nights clear nights
2000 May 6-7 2 2
2000 May 25-31 7 3
2000 Jun 25-29 5 5
2000 Jul 1-7 7 7
2000 Jul 24-27 4 4
2000 Jul 31-Aug 3 5 5
2000 Aug 24-Aug 28 5 5
2000 Aug 30-Sep 04 6 6
3.2 Analysis
Standard IRAF, MIDAS and STARLINK routines were used
for the reduction of the data. The analysis was performed by
using three different packages since different tasks were eas-
ier and more accurate to perform in certain packages than in
others. Individual images were bias subtracted and flat–field
corrected through observations of the twilight sky. In par-
ticular, approximately 15 bias frames and 11 twilight flat–
field frames (in each filter) were obtained each night and the
master bias and flat–field frames (for each filter) were used
in the image processing. The sky background has also been
subtracted from each individual frame. No dark frames were
used, since the dark current was negligible for the exposure
time used.
3.2.1 Selection of the PNe candidates
It is difficult to detect faint emission sources in a very dense
star field as in the Galactic bulge. Therefore, special tech-
niques must be followed to attack this problem. It is well
known that for the detection of faint emission line sources
- like the PNe in our case - a narrow-band filter (i.e. [Oiii])
should be used in combination with a wider-band filter (con-
tinuum) where no significant emission lines exist and only
the field stars appear. The correct scaling and subtraction
of the two images will suppress the field stars and only the
[Oiii] emitters and possible cosmic rays will still be visible.
Our detection method (Boumis & Papamastorakis
2002) is similar but not the same to that followed in the
Galactic bulge by Beaulieu et al. (1999). Their idea was to
combine two Hα frames and then divide the summed image
by the continuum image for each field. Here, instead of di-
vision, we identify the PNe candidates by following another
approach. In particular, after calculating the correct scaling
between the stars from the [Oiii] and the continuum images
(the three continuum images of each field were combined
to produce a master continuum), we subtracted from each
of the two [Oiii] images the corresponding master contin-
uum image for each field. In order to do the correct scaling
(match the total star signal above the sky in both images),
we chose a box of a specific number of pixels where non
saturated stars were included. The continuum images were
multiplied by a factor f (similar to that given by Beaulieu
et al. 1999) and then their total star signal was the same
as for the [Oiii] images. The initial PNe identification was
performed by “blinking” each continuum subtracted [Oiii]
frame and the corresponding continuum. Given the angular
size of ∼4 arcsec of a CCD pixel, the PNe candidates at the
bulge appeared as slightly extended (or sometimes point–
like) sources on the [Oiii] images, but were absent in the
continuum. As mentioned above, the new sources could be
PNe candidates or cosmic rays. To make sure that no cosmic
rays were included among the candidates, we checked visu-
ally each individual [Oiii] frame for each field. Objects that
appeared bright in one frame but were absent in the other,
were considered as cosmic ray hits because a real emission
source should be present in both [Oiii] images. Another lim-
itation was that all point–like objects have a signal to noise
greater than 4 according to their count measurements since
the survey images are not flux calibrated. We must note
that we have tried to follow Beaulieu et al. (1999) method
and the two [Oiii] images of each field were combined be-
fore subtraction in order to increase the signal to noise ra-
tio. However, the problem of removing correctly the cosmic
rays still remained and we decided to perform the blinking
technique between the two continuum subtracted [Oiii] im-
ages and the corresponding master continuum image. After
a very detailed and systematic visual investigation of 116
fields, we identified 90 objects. The procedure of how the
PNe candidates looked like through the different steps can
be seen in Fig. 2, where there are examples of images (20′
on both sides each) for three different objects which show
our survey’s typical discoveries. The first set of images (a) is
a known PN which was found and presented for comparison
reasons; the other two sets (b) and (c) are new discover-
ies. Note that the remaining black dots in the last image of
each set (except the PNe) are cosmic rays which were not
removed by the continuum subtraction but clearly identified
since they do not appear in both the continuum subtracted
[O iii] images.
3.2.2 Preliminary Astrometry & Survey Results
After identifying the PNe candidates, the next step was to
perform an astrometric solution for all images containing
one or more candidates. In order to calculate the equato-
rial (and galactic) coordinates of the PNe candidates, we
used the Hubble Space Telescope (HST) Guide Star Cat-
alog (Lasker, Russel & Jenkner 1999) and IRAF routines
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(Image package). Typical rms error in each frame was found
to be ∼1′′.3 using the task “ccmap” in the Image pack-
age of IRAF. The 90 objects were then checked in order
to identify the already known PNe. For that purpose we
used any up–to–date published catalogue related to plane-
tary nebulae. A list of all catalogues used is given in Ta-
ble 3. The search showed that from the 90 objects found
in our survey, the 57 are known PNe, 8 are known PNe
candidates and 25 are new PNe candidates. Note that inde-
pendently from our search, Parker et al. (2001b) presented
a new catalogue of GBPNe where 17 of our new PNe are
included as new and candidate PNe (see Table 4). In or-
der to make sure that all catalogued PNe which fall in our
fields were detected, we performed a second search and found
that 16 known PNe and 14 known PNe candidates are not
included in our detections. However, knowing their posi-
tion a re–examination showed that most of the “missed”
known PNe and PNe candidates do appear in our survey
frames as very faint point sources due to their small angu-
lar size and their very low signal to noise ratio (∼ 1σ). The
8 known PNe candidates which have been confirmed in our
survey (in galactic coordinates) are: 003.9+02.7, 004.4+06.4,
006.7+03.4, 007.8-03.8, 008.3+03.7, 009.3-06.5, 019.0-04.2
and 019.7-08.2. Note, that all the above PNe and PN can-
didates are listed in the catalogues given in Table 3.
3.2.3 Search in other wavelengths
We performed a search in the IRAS Point Source Cata-
log (1988) in order to check for possible presence of dust
to the new PNe candidates and found matches for 9 of
our new objects (see Table 4 for details concerning their
F12,F25,F60,F100 fluxes and their flux quality density). Tak-
ing into account the fact that the flux quality density for
most of them was 1 (1 is the upper detection limit, whereas
3 is a good quality flux density), a reasonable number of
them satisfy the standard criteria (F12/F25 ≤ 0.35 and
F25/F60 ≥ 0.3 – Pottasch et al. 1988; van de Steene 1995)
used to accept a new object as a probable PN. Note that a
cross–check for our new PNe was also performed both with
the 2MASS Point Source Catalog (2000), the MSX infrared
astrometric Catalog (Egan et al. 1999) and radio known PNe
(found in the catalogues given in Table 3) in order to find
any PNe counterparts but the results proved negative most
likely due to the low sensitivity limit of these surveys. Thus,
radio pointed observations at selected locations would be
needed.
4 THE 1.3 METER TELESCOPE
OBSERVATIONS
4.1 Imaging
Optical images of the new PNe candidates were also ob-
tained with the 1.3 m (f/7.7) Ritchey-Cretien telescope at
Skinakas Observatory during 2001 in May 27–29, June 29–
30 and August 10–11 using an Hα+[N ii] interference fil-
ter (75A˚ bandwidth). The detector was a 1024×1024 (with
24×24 µm 2 pixels) SITe CCD with a field of view of 8′.5
× 8′.5 and an image scale of 0′′.5 pixel−1. One exposure in
the Hα+[N ii] of 1800 s and two exposures in the continuum
of 180 s were taken. All new PNe candidates observed with
this configuration can be seen in Fig. 4. Note that they are
at the centre of each image and an arrow points to their
exact position. The image size is 150′′on both sides. North
is at the top and east to the left. It should be noticed that
taking into account the limited telescope time available, the
follow–up observations were performed in Hα+[N ii] in or-
der to study the morphology of the PNe and also measure
their angular extent.
After finding the PNe candidates, we performed again
an astrometric solution for all images, using the method pre-
sented in section 3.2.2. The coordinates for the PNe candi-
dates were now calculated with better accuracy, due to the
8 times better resolution of this configuration. Typical rms
error in each frame was found to be ∼0′′.3. Hence, the coor-
dinates of all the newly discovered PNe candidates are given
in Table 4.
4.2 Spectroscopy
Low dispersion spectra were obtained with the 1.3 m tele-
scope at Skinakas Observatory during 2001 in June 24–
28, July 16–17, 23–25 and August 12, 20–25. A 1300 line
mm−1 grating was used in conjunction with a 2000×800
SITe CCD (15×15 µm2 pixels) which resulted in a disper-
sion of 1 A˚ pixel−1 and covers the range of 4750A˚ – 6815A˚.
The slit width was 7′′.7 and it was oriented in the south–
north direction, while the slit length was 7′.9. The exposure
time of the individual spectra ranges from 2400 to 3600 s
depending on the observing window of each object. Two
spectra of the same object were obtained whenever possible
and in this case the S/N weighted average line flux values
are given. The spectrophotometric standard stars HR5501,
HR7596, HR9087, HR718, and HR7950 (Hamuy et al. 1992;
1994) were observed in order to calibrate the spectra of the
new PNe candidates. The low resolution spectra were taken
on the relatively bright optical part of each PN candidate.
Some typical spectra of our new PNe can be seen in Fig. 7.
In Table 5, we present their line fluxes corrected for atmo-
spheric extinction and interstellar reddening, using the scale
of F(Hβ)=100. Interstellar reddening was derived from the
Hα/Hβ ratio (Osterbrock 1989), using the interstellar ex-
tinction law by Fitzpatrick (1999) and Rv = 3.1 for all
objects. Therefore, the interstellar extinction c(Hβ) can be
derived by using the relationship
c(Hβ) =
1
0.348
log
F(Hα)/F(Hβ)
2.85
(1)
where, 0.348 is the relative logarithmic extinction co-
efficient for Hβ/Hα and 2.85 the theoretical value of
F(Hα)/F(Hβ). The observational reddening in magnitude
EB−V was also calculated using the relationship (Seaton
1979)
c(Hβ) = 0.4 ·Xβ · EB−V (2)
where the extinction parameter Xβ = 3.615 (Fitzpatrick
1999). The 1σ error of the extinction c(Hβ) and EB−V was
calculated through standard error propagation of equations
(1) and (2). Because of the high interstellar extinction in the
direction of the bulge a second estimation of EB−V was made
using the SFD code (Schlegel, Finkbeiner & Davis 1998)
which uses infrared maps to estimate Galactic extinction.
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Table 3. A list with all the planetary nebulae catalogues used. Note that the Strasbourg-ESO Catalogue was used as a reference, because
it was the most complete catalogue up to 1992. Ratag’s thesis was the only exception as it was published before 1992 but it was not
included in the above catalogue.
No Catalogue Reference
1 A Study of GBPNe Ratag 1990
2 Strasbourg-ESO Catalogue of GPNe (Part I, II) Acker et al. 1992
3 Obscured PNe van de Steene 1995
4 First Supplement to the Strasbourg-ESO Catalogue of GPNe Acker et al. 1996
5 IAC Morphological Catalog of Northern GPNe Manchado et al. 1996
6 Catalogue of GPNe (1990-1994) Kohoutek 1997
7 Innsbruck Data Base of GPNe Kimeswenger, Kienel & Widauer 1997
8 Kinematics of 867 GPNe Durand, Acker & Zijlstra 1998
9 Infrared PN in the NRAO VLA Sky Survey Condon, Kaplan & Terzian 1999
10 A Survey of PNe in the Southern Galactic Bulge Beaulieu et al. 1999
11 Version 2000 of the Catalogue of GPNe Kohoutek 2001
12 Radio Observations of New GBPNe van de Steene et al. 2001
13 Optical Coordinates of Southern PNe Kimeswenger 2001
14 New PNe towards the galactic center Cappellaro et al. 2001
15 The Edinburgh/AAO/Strasbourg Catalogue of GPNe Parker et al. 2001b
Table 4. Newly discovered PNe.
Object PN G RA Dec IRAS source F12 F25 F60 F100 FQuality Ref
a
(lll.l ± bb.b) (J2000) (J2000) (Jy) (Jy) (Jy) (Jy) (12,25,60,100 µm)
PTB1 003.5+02.7 17 43 39.2 −24 31 53.0 17405−2430 3.35 2.88 2.60 18.2 1,1,3,1 1a
PTB2 004.1+07.8 17 26 12.2 −21 17 53.0 1a
PTB3 004.6+06.1 17 33 33.0 −21 51 23.2 1b
PTB4 005.4+04.0 17 42 54.7 −22 14 16.3 1a
PTB5 005.7+04.5 17 41 38.7 −21 44 32.2 17386−2143 2.56 0.876 1.08 10.7 1,1,3,1
PTB6 006.1+03.9 17 45 06.5 −21 41 55.1 1a
PTB7 007.1+07.4 17 34 30.2 −19 01 01.1 1b
PTB8 007.2+03.4 17 49 13.7 −21 01 42.9 17462−2100 1.19 0.712 1.41 12.1 1,3,3,1 1a
PTB9 007.2+04.9 17 43 34.0 −20 13 55.7 1b
PTB10 007.3+03.5 17 49 26.7 −20 54 31.1
PTB11 007.4−03.0 18 13 40.2 −23 57 38.5
PTB12 007.9+04.3 17 47 15.6 −19 57 27.6 1b
PTB13 008.8+03.8 17 51 08.7 −19 25 46.6 2
PTB14 009.4+03.9 17 52 17.8 −18 52 02.4
PTB15 011.5+03.7 17 57 05.6 −17 11 09.7 17541−1710 0.305 0.78 1.28 13.1 1,3,3,1 1a
PTB16 012.0+07.4 17 45 07.5 −14 53 23.4 1a
PTB17 012.5+04.3 17 57 10.5 −15 56 17.3 1a,2
PTB18 013.4+08.8 17 42 58.0 −12 56 46.9 1a
PTB19 014.0+04.8 17 58 26.0 −14 25 25.1 17555−1425 0.29 0.502 1.58 7.68 1,3,3,1
PTB20 016.1+07.7 17 52 15.0 −11 10 35.6 17494−1109 0.269 0.466 0.71 3.49 1,3,3,1
PTB21 016.6+07.0 17 55 53.3 −11 05 41.7 17529−1103 1.03 0.459 0.529 4.16 3,1,1,1
PTB22 016.8+07.0 17 56 21.4 −10 57 34.3 1a
PTB23 018.0−02.2 18 31 50.6 −14 15 27.5 18290−1417 1.42 1.77 17.2 182.0 1,3,1,1 1a
PTB24 018.4+05.3 18 05 28.2 −10 20 42.6 1b
PTB25 018.8−01.9 18 32 04.6 −13 26 12.7 18292−1328 1.97 1.14 22.1 301.0 1,3,1,1 1a
a Independently discovered by Parker et al. 2001b as new PNe (1a) and candidates PNe (1b), and Cappellaro et al. 2001 (2).
A comparison shows a general agreement between the two
EB−V calculations within a 3σ error. The signal to noise
ratios do not include calibration errors, which are less than
10 percent. The absolute Hα fluxes (in units of erg s−1 cm−2
arcsec−2), the exposure time of each individual spectra, the
interstellar extinction c(Hβ) with its estimated error and
the reddening EB−V (resulting from our observations and
SFD maps) are listed in Table 6. Note that due to the low
S/N ratio (< 10) of the Hβ line for some of the new PNe
candidates, their accuracy is lower while, the spectrum of
PTB6 was taken during a non photometric night, thus its
accuracy is even lower and only its relative line fluxes should
be taken into account.
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5 DISCUSSION
The Hα+[N ii] images as well as the low resolution spec-
tra of the newly discovered PNe candidates were used for
a more detailed study. Their relative emission line fluxes
confirm that all are photoionized nebulae, according to the
diagnostic diagram log(Hα/[N ii]) vs. log(Hα/[S ii]) (Garc´ıa
et al. 1991), where they spread well inside the area occu-
pied by PNe (Fig. 3) and their [S ii]/Hα ratio which is in all
cases less than 0.3. Note that five of them have very low S/N
ratio in their [N ii] and [S ii] emission lines which are not
presented in Table 7. However, their [S ii]/Hα is less than
0.2. The angular diameters of the newly discovered PNe have
been measured according their optical images (Hα+[N ii]),
taken with the 1.3 m telescope. It should be noticed that
(a) the diameters were defined from the optical outer part
of the nebulae, but in some cases it might be slightly larger
if a very faint halo exists and (b) that in the case of ellip-
tical shell we present both the major and the minor axes.
All diameters are given in Table 6. Thirteen of the new PNe
have diameter ≤20′′ (Bulge limit – Gathier et al. 1983), 4
are close to this limit (≤25′′), while 8 have diameter ≥30′′.
The possibility that the latter are evolved and/or their local
nature cannot be excluded.
In most cases, a spherical well-defined shell (star-like or
ring) was found but nonspherical nebulae (e.g. elliptical) are
also present. In particular, 50 percent of the new PNe have
a ring–like structure (e.g. PTB15, PTB17), while the rest
are divided between faint nebulae with incomplete bright
shells (e.g. PTB3, PTB23) and bright compact nebulae (e.g.
PTB5, PTB11). The morphological differences could also be
attributed to the PN stage of evolution. Compact nebulae
in their first stage of expansion look stellar and relatively
bright, while large nebulae with faint surface brightness are
in their late evolutionary stage. However, three of the new
PNe look different. PTB4 is an elongated ring–like nebula
probably due to its position angle while, PTB19 is also elon-
gated but with non spherical symmetry at all and PTB7
seems to have a unusual bipolar shape, thus it would be in-
teresting to investigate its morphology further in the future.
A morphological type was assigned to the new PNe (Table 6)
according to Manchado et al. (2000).
Assuming a temperature of 104 oK, it is possible to esti-
mate the electron density n[S ii], according to the task “tem-
den” in the nebular package in IRAF for a specific sulfur
line ratio ([S ii] 6716A˚/[S ii] 6731A˚). This task computes the
electron density given an electron temperature, of an ionized
nebular gas within the 5-level atom approximation (Shaw
& Dufour 1995). Furthermore the error of the electron den-
sity was calculated through standard error propagation. The
electron densities and their associated errors are given in Ta-
ble 6. Using the observed [N ii] 6548+6584A˚/[N ii] 5755A˚,
an estimation for the electron temperature T[N ii] was made
whenever possible. In fact only for three of our new PNe
(PTB11, PTB17 & PTB24) values close to 10000 oK were
found. In those cases where a temperature measurement was
not available we assumed a temperature of 104 oK (Cuisinier
et al. 2000). The high interstellar extinction towards the
Galactic bulge as well as the low sensitivity brightness of the
new PNe are the main reasons which do not allow to record
high quality spectra. This affects mainly the lower intensity
lines like [S ii] or Heii, which are faint or even undetectable.
For all PNe of our survey, Hα and [O iii] emission lines could
be measured in good conditions and in most cases, Hβ and
[N ii] 6548 & 6584 A˚. However, the spectrum for some of
the new PNe (e.g. PTB22) has a low signal to noise ratio
and only Hβ, Hα and [O iii] are well determined. As can
be seen from Fig. 7 emission from [O iii] 5007 A˚ is present
in all observed spectra. Since these PNe are found in a re-
gion of significant extinction, shorter wavelengths are more
affected than longer wavelengths. In Table 5 we list the mea-
sured fluxes in our long–slit spectra corrected for interstellar
extinction and is evident that almost all PNe display very
strong [O iii] 5007 A˚ emission relative to Hα. It is known
that the N/O and He abundances reflect the mass distribu-
tion of the progenitor star, with more massive objects hav-
ing higher N/O and He abundances in comparison with the
small–mass objects (Cuisinier et al. 2000). In our case, the
abundances in N/O and He generally showed low N/O and
He, implying old progenitor stars. The latter suggests that
they belong to the Galactic bulge region according to Web-
ster (1988) and Cuisinier et al. (2000) who both showed that
the Galactic bulge PNe have old progenitors with low N/O
and He abundances. Most of our PNe seem to be of low
excitation since they display Hei lines but not Heii. How-
ever, there are a few that emit in Heii but not in Hei (like
PTB15) which must be highly ionized and this may explain
the weakness or absence of the [N ii] 6548 & 6584 A˚ lines.
The excitation classes of our new PNe were studied accord-
ing the classification criteria of Aller (1956), Feast (1968)
and Webster (1975). They are derived basically from the ra-
tios of [O iii]/Hβ, Heii 4686 A˚/Hβ, [O ii] 3727 A˚/[O iii] 4959
A˚ and Heii 4686 A˚/Hei 5876 A˚. In our case, the [O iii]/Hβ
ratio suggests that our new PNe belong to the medium ex-
citation classes (4–6). However, the absence of the Heii 4686
A˚ and [O ii] 3727 A˚ emission lines from our spectra do not
allow us to better confine the actual excitation class of each
PN.
6 CONCLUSION
We present the first results of a narrowband [O iii] 5007 A˚
survey for PNe in the Galactic bulge (l > 0o). Covering
66 percent of our selected region, we detected 90 objects,
including 57 known PNe, 8 known PNe candidates and 25
new PNe. Hα+[N ii] images as well as low resolution spectra
of the new PNe were taken and confirmed the photoionized
nature of the emission. The 70 percent of them have an-
gular sizes ≤ 20′′–25′′ while all show Hα/[O iii] 5007 A˚<
1. Nine (9) of our new PNe are found to be associated with
IRAS sources. They all display low N/O and He abundances
implying old progenitor stars, which is one of the character-
istics of the Galactic bulge PNe.
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Table 5. Line fluxes.
Line (A˚) PTB1 PTB2 PTB3 PTB4 PTB5a PTB6 PTB7
Hβ 4861 100.0 (5)b 100.0 (11) 100.0 (6) 100.0 (8) 100.0 (39) 100.0 (3) 100.0 (11)
[O iii] 4959 317.5 (13) 313.4 (33) 183.8 (12) 213.2 (18) 425.0 (111) 43.1 (2) 172.6 (21)
[O iii] 5007 851.3 (32) 928.3 (77) 507.3 (32) 587.0 (47) 1254.2 (184) 405.6 (5) 513.9 (58)
Heii 5411 − − − 4.1 (2) 4.7 (9) − 12.8 (6)
[N ii] 5755 − − − − − − −
Hei 5876 17.8 (7) 9.1 (7) 23.2 (8) 16.3 (11) 10.3 (32) 47.1 (4) 17.5 (10)
Heii 6234 − − − − 0.3 (8) − −
[N ii] 6548 − − 33.3 (21) 41.0 (29) 1.5 (10) 91.3 (9) 2.7 (4)
Hα 6563 285.0 (78) 285.0 (141) 285.0 (104) 285.0 (113) 285.0 (309) 285.0 (24) 285.0 (139)
[N ii] 6584 − − 104.1 (57) 126.0 (74) 4.5 (24) 205.8 (23) 12.1 (9)
Hei 6678 3.6 (8) 1.7 (6) 8.4 (22) 5.2 (7) 3.0 (21) − 2.6 (2)
[S ii] 6716 5.7 (12) − 9.8 (11) 16.0 (17) 0.9 (7) 21.9 (2) 3.9 (5)
[S ii] 6731 6.3 (17) − 7.4 (9) 12.2 (15) 1.2 (12) 16.8 (2) 2.2 (4)
Line (A˚) PTB8 PTB9 PTB10 PTB11 PTB12 PTB13 PTB14
Hβ 4861 100.0 (5) 100.0 (23) 100.0 (8) 100.0 (12) 100.0 (21) 100.0 (3) 100.0 (24)
[O iii] 4959 327.1 (15) 117.2 (39) 316.6 (27) 305.0 (40) 214.5 (48) 384.9 (7) 345.5 (70)
[O iii] 5007 987.5 (41) 357.5 (90) 954.3 (63) 923.4 (87) 629.4 (105) 1573.1 (21) 1040.5 (142)
Heii 5411 − 8.6 (12) − − 5.5 (5) 20.0 (2) −
[N ii] 5755 − − − 4.6 (2) − − −
Hei 5876 11.0 (4) 29.1 (33) − 19.3 (16) 10.4 (19) 30.1 (8) 18.3 (31)
Heii 6234 − − − − − 9.2 (3) −
[N ii] 6548 16.7 (9) 7.7 (16) − 95.4 (89) 7.4 (11) − 1.0 (3)
Hα 6563 285.0 (71) 285.0 (240) 285.0 (130) 285.0 (175) 285.0 (129) 285.0 (52) 285.0 (258)
[N ii] 6584 51.5 (22) 29.9 (48) − 293.9 (174) 24.7 (26) − 5.0 (12)
Hei 6678 2.0 (2) 4.9 (25) − 4.7 (12) 3.3 (7) − 4.2 (17)
[S ii] 6716 7.0 (5) 3.7 (17) − 65.7 (82) 6.7 (15) − 0.5 (3)
[S ii] 6731 7.9 (6) 4.3 (19) − 58.7 (77) 5.9 (14) − 0.5 (1)
Line (A˚) PTB15 PTB16 PTB17a PTB18a PTB19 PTB20 PTB21
Hβ 4861 100.0 (6) 100.0 (6) 100.0 (13) 100.0 (5) 100.0 (26) 100.0 (12) 100.0 (2)
[O iii] 4959 235.3 (14) 136.1 (10) 203.4 (29) 204.3 (13) 222.0 (56) 471.0 (47) 431.1 (7)
[O iii] 5007 653.1 (38) 462.8 (29) 604.5 (71) 600.4 (36) 646.7 (110) 1412.3 (90) 949.6 (18)
Heii 5411 11.6 (3) 10.2 (3) − 5.6 (9) − 4.9 (5) −
[N ii] 5755 − − 4.0 (4) − − − −
Hei 5876 − 16.6 (7) 22.4 (18) 12.9 (8) 16.3 (41) 16.6 (16) −
Heii 6234 2.4 (5) − − − − − −
[N ii] 6548 − 2.6 (2) 103.6 (57) 88.4 (19) 2.6 (12) 9.2 (26) 63.0 (6)
Hα 6563 285.0 (82) 285.0 (83) 285.0 (94) 285.0 (44) 285.0 (198) 285.0 (192) 285.0 (22)
[N ii] 6584 − 7.8 (6) 323.3 (77) 270.5 (36) 8.2 (30) 32.7 (22) 172.7 (14)
Hei 6678 − 10.9 (3) 5.0 (9) 6.6 (2) 4.4 (28) 3.3 (14) 10.9 (3)
[S ii] 6716 − 7.4 (2) 36.9 (28) 41.1 (16) 1.1 (9) 1.2 (9) 40.1 (5)
[S ii] 6731 − 4.5 (1) 29.1 (23) 33.2 (12) 1.4 (11) 2.5 (11) 27.1 (4)
Line (A˚) PTB22 PTB23a PTB24 PTB25a
Hβ 4861 100.0 (4) 100.0 (28) 100.0 (7) 100.0 (19)
[O iii] 4959 380.7 (13) 397.4 (88) 260.7 (19) 231.4 (47)
[O iii] 5007 1147.6 (38) 1152.2 (172) 838.4 (49) 671.6 (111)
Heii 5411 − 9.6 (8) − 8.1 (8)
[N ii] 5755 − − 3.3 (9) −
Hei 5876 − 2.3 (4) 14.0 (8) 3.0 (5)
Heii 6234 − − − 1.2 (5)
[N ii] 6548 − 2.0 (7) 76.9 (36) 1.9 (5)
Hα 6563 285.0 (45) 285.0 (147) 285.0 (97) 285.0 (207)
[N ii] 6584 − 5.7 (14) 233.9 (82) 7.0 (14)
Hei 6678 − 1.5 (3) 3.2 (3) −
[S ii] 6716 − 3.1 (10) 40.4 (27) 3.3 (8)
[S ii] 6731 − 3.5 (8) 29.2 (20) 3.1 (7)
a Listed fluxes are a signal to noise weighted average of the individual fluxes
b Numbers in parentheses represent the signal to noise ratio of the line fluxes, measured at the center of the corresponding emission
line profile.
All fluxes normalized to F(Hβ)=100 and they are corrected for interstellar extinction.
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Table 6. Exposure time and basic physical parameters.
Object Exp. time Diameter1 M.Type2 F(Hα)3 c(Hβ)4 σ5
c(Hβ)
E6
B−V(OBS)
σ7EB−V
E8
B−V(SFD)
n9
[S ii]
σ10n[S ii]
PTB1 360011 (1)12 33.0 R 3.9 2.25 0.26 1.55 0.18 1.26 0.93 0.33
PTB2 3600 (1) 15.0 B 11.1 1.38 0.12 0.95 0.08 1.18 <0.07 −
PTB3 3600 (1) 23.0 R 4.52 1.78 0.21 1.23 0.15 0.92 0.09 0.08
PTB4 2700 (1) 17.0×8.0 E 9.0 1.70 0.15 1.17 0.10 1.09 0.12 0.10
PTB5 4800 (2) 10.0 R 40.7 1.20 0.02 0.83 0.01 0.84 1.88 0.81
PTB6 2700 (1) 20.0 E 1.2 1.42 0.50 0.98 0.35 0.93 <0.07 −
PTB7 3600 (1) 25.0×10.0 B 4.6 0.85 0.11 0.59 0.08 0.64 <0.07 −
PTB8 2500 (1) 19.0 R 5.6 1.73 0.25 1.19 0.17 1.10 0.95 0.88
PTB9 3600 (1) 18.0×16.0 E 5.9 1.25 0.05 0.86 0.04 0.92 1.10 0.31
PTB10 3600 (1) 10.0×8.0 E 7.2 1.84 0.16 1.27 0.11 0.94 <0.07 −
PTB11 3600 (1) 10.5 R 17.6 1.92 0.11 1.32 0.07 1.30 0.36 0.03
PTB12 3600 (1) 17.0×14.0 E 15.7 1.19 0.06 0.82 0.04 0.90 0.34 0.18
PTB13 3600 (1) 11.0 R 4.3 2.74 0.48 1.89 0.33 1.05 <0.07 −
PTB14 3600 (1) 9.0 R 32.5 1.58 0.05 1.09 0.03 0.92 0.28 0.27
PTB15 3600 (1) 33.0 R 4.2 1.58 0.21 1.09 0.15 1.12 <0.07 −
PTB16 3600 (1) 24.5 R 3.3 1.08 0.22 0.74 0.15 0.51 <0.07 −
PTB17 5400 (2) 32.0 R 9.0 1.35 0.07 0.93 0.05 0.92 0.16 0.06
PTB18 4800 (2) 38.0 R 2.2 0.63 0.19 0.44 0.13 0.51 0.19 0.11
PTB19 3600 (1) 17×20.0 E 40.1 1.93 0.05 1.33 0.03 1.31 1.71 0.72
PTB20 2700 (1) 10.0 R 7.8 1.94 0.11 1.34 0.08 1.25 20.74 12.0
PTB21 3600 (1) 69.0 R 0.6 0.94 0.48 0.65 0.33 1.07 <0.07 −
PTB22 2700 (1) 34.5 R 2.1 1.48 0.34 1.02 0.23 0.98 <0.07 −
PTB23 4800 (2) 46.0×38.0 E 24.8 0.62 0.13 0.43 0.09 1.69 2.05 0.60
PTB24 2700 (1) 16.0 R 4.3 1.55 0.19 1.07 0.13 1.13 <0.07 −
PTB25 5400 (2) 40.0 R 9.2 0.99 0.15 0.69 0.10 1.44 0.47 0.32
1 Optical diameters in arcsec.
2 Morphological classification according to Manchado et al. (2000), where R(=round), E (=elliptical) and B (=bipolar).
3 Absolute Hα flux in units of 10−16 erg s−1 cm−2 arcsec−2.
4 Logarithmic extinction at Hβ (see Sect. 4.2).
5 1σ error on the logarithmic extinction.
6 Observed Reddening (see Sect. 4.2).
7 Error on the observed reddening.
8 Reddening according the maps of Schlegel et al. 1998 (see Sect. 4.2).
9 Electron density in units of 103 cm−3 (see Sect. 5).
10 Error on the electron density.
11 Total exposure time in sec.
12 Number of individual exposures.
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Figure 1. Optical imaging survey grid in equatorial coordinates. Galactic coordinates are also included (dash lines) to permit an accurate
drawing of the selected Bulge region (bold solid lines). The filled and open rectangles represent the observed and not yet observed fields
in the year 2000, respectively.
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Figure 2. Examples of images (20′ on both sides each) for three different objects which show our survey’s typical discoveries. The
first set of images (a) is a known PN which was found and presented for comparison reasons; the other two sets (b) and (c) are new
discoveries. Note that the remaining black dots in the last image of each set (except the PNe) are cosmic rays which did not remove with
the continuum subtraction. North is at the top, East to the left.
c© 0000 RAS, MNRAS 000, ??–??
12 P. Boumis et al.
−0.5 0 0.5 1 1.5 2 2.5 3
log Ha/[S II]
−1
−0.5
0
0.5
1
1.5
2
lo
g 
H
a/
[N
 II
]
      
      
      
      
      
      
      







     
     
     
     
     





       
       
       
       
       





   
   
   
   
   
   
   
   
   
   
   
   
   
   














HH−
objects H II
PNe
SNR
lo
g 
H
   
 / 
[N
   ]
α
II
αl      / [S    ]II
Figure 3. Diagnostic diagram (Garcia et al. 1991), where the positions of the new PNe are shown with a cross (X).
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Figure 4. Hα+[N ii] images of all the new PNe taken with the 1.3 m telescope. Black arrows indicate their position at the centre of
each image. The latter, have a size of 150′′on both sides. North is at the top, East to the left.
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Figure 5. Fig. 4 (Continued)
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PTB25
Figure 6. Fig. 4 (Continued)
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Figure 7. Typical observed spectra of our new PNe taken with the 1.3 m telescope. They cover the range of 4750A˚ to 6815A˚ and the
emission line fluxes (in units of 10−16 erg s−1 cm−2 arcsec−2 A˚−1) are corrected for atmospheric extinction. Line fluxes corrected for
interstellar extinction are given in Table 5.
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